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DECLARATION IN SUPPORT OF A CONVENTION APPLICATION FOR A PATENT 

In support of the Convention Application made by CIBA-GEIGY AG for a patent for 
an invention entitled: 

Conjugates of cytokines with immunoglobulins 



I, Ernst Altherr of CIBA-GEIGY AG, Klybeckstrasse 141, 4002 Basle, Switzer- 
land do solemnly and sincerely declare as follows: 

1. I am authorised by the applicant for the patent to make this declaration 
on its behalf. 

2. The basic application Pfe3 as defined by Section 141 on the Act was ^X£r^ 
made in Switzerland 

on September 2, 1987 



by CIBA-GEIGY AG, 4002 Basle, Switzerland 



3- Peter von Wussow, Daxnmstrasse 30, 3017 Pattensen, Federal Republic 



is (xsevX the actual inventor^ of the invention and the facts upon which the 
applicant is entitled to make the application are as follows: The said appli- 
cant is the assignee of the actual inventorize. 

4. The baaic application^) referred to in paragraph 2 of this Declaration was 
(mce) the first application^** made in a Convention country in respect of 
the invention the subject of the application. 

DECLARED at Basle, Switzerland on August 12, 1988 



of Germany 




Ernst Altherr 

Single Signature, by special power 



To: The Commissioner of Patents 
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(57) Claim 

1. Conjugates of cytokines with human immunoglobulin. 

2. Conjugates according to claim 1 of the formula 

Ck-Z-Ig (I) 

in which Ck is a residue of a natural human cytokine or of z recombinant 
cytokine , Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon,, .of interleukin, of 
a related compound or of a fragment that retains the biological activity, 
Ig is a residue of a natural human immunoglobulin, Z is a covalent bond 
or a covalently bonded di- t tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and in which Ck, Ig and/or Z also 
may occur several times. 

9. A process according to claim 8 for the preparation of conjugates of 
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which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, substituting a reactive subs ti tutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 

d) for the preparation of a conjugate of formula 1 in which the sub-units 
are linked by a carbon-sulfur bond, adding a sub-unit containing a 
mercapto group to the complementary sub-unit containing a carton-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazino group, and, if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazino group. 
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li. A method of Heating viral infections and tumours in an animal 
including man, which comprises* -administering an eftective amount ol 
conjugates of cytokines with human immunoglobulin according to claim 1 
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Conjugates of cytokines with immunoglobu lins 

The present invention relates to novel conjugates consisting of a cyto- 
kine and human immunoglobulin, if desired linked by means of an organic 
bridge-former, to processes for the preparation of such conjugates, to 
pharmaceutical preparations, and to the use of those conjugates for the 
treatment of viral infections and tumours. 

Background of the invention 

Cytokines are soluble proteins and glycoproteins that are secreted by 
somatic cells, especially immunocompetent cells, in response to a stimu- 
lation. Cytokines have a large number of biological activities. They are 
messenger molecules that take part in the regulation of the metabolic 
status of adjacent cells, are produced locally in the cells and are also 
normally effective only locally. Cytokines enhance or suppress the activ- 
ity of an adjacent cell in respect of a specific property. 

Examples of cytokines are mediators that influence monocytes and macro- 
phages, such as macrophage migration inhibition factor (*MIF), macrophage 
activating factor (MAF) or chemotactic factor for macrophages, mediators 
that influence polymorphonuclear leucocytes, such as leucocyte inhibition 
factor, leucocyte migration inhibition factor (LIF) or leucocyte 
migration promotor factor, mediators that influence lymphocytes, 
antigen-specific or non-specific helper cell factors or antibody produc- 
tion suppressor factors, mediators that act on other cells, such as 
lymphotoxins, tumour necrosis factor (TNF), colony stimulating factor 
(CSF), growth inhibition and growth promotor factors, especially B-cell 
growth factor (BCGF), insulin-like growth factor (IGF) , platelet-derived 
growth factor (PDGF), fibroblast growth factor (FGF) and others, and also 
the group of interferons (IFN) and the group of interleukins (IL). 



Like most of the cytokines, interferons have a molecular weight in the 
range of from 10,000 to 40,000 Daltons. They protect cells against a 
large number of viruses, inhibit cell growth in culture, influence immune 
responses and increase the amount or activity of certain specific intra- 
cellular enzymes. Interferons are subdivided into three classes, namely 
interferon a, G and 7. Natural human interferon alpha (huIFNot) is pro- 
duced by leucocytes and lymphoblas toid cells and comprises at least a 
dozen different polypeptides which differ from one another in their amino 
acid composition and in their degree of glycosylat ion. Natural human 
interferon beta (huIFNB) is formed by practically all body cells, for 
example by fibroblasts and to a slight extent also by lymphoblastoid 
cells. Natural human interferon gamma (huIFNy), also called immune inter- 
feron, is produced by T-lymphocy tes or KK cells. In contrast to IFNo and 
IFNG, IFNr is acid-labile ( pH 2) and is distinctly different in its 
serological properties. 

Human cytokines for therapeutic use can be obtained by culturing stimu- 
lated normal human cells. This source is of little practical importance, 
however, owing to the limited availability of cultivatable human cells 
and the inherent separation problems and costs. Certain cytokines can 
also be obtained by culturing continuous human cell lines. The method 
best suited to the Industrial preparation of cytokines, however, is the 
cultivation of gene- technologically modified bacteria, fungi or mammalian 
cell lines in which the genetic information for the synthesis of the 
desired cytokine has been incorporated by recombinant gene technology. 
This method also renders possible the preparation of compounds that 
differ from natural compounds and consequently have different and better 
properties for certain intended uses. 

The therapeutic use of cytokines, for example of interleukin 2, Inter- 
feron o or interferon^ is not without problems. They are normally 
quickly broken down and/or excreted. In the case of systemic administra- 
tion it is difficult to build up and maintain the high plasma concentra- 
tion necessary for an antiviral or anti-tumour activity. On the other 
hand, undesired side effects arise, which are possibly attributable to 
the passage of the cytokines through the blood-brain barrier. There is 
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therefore a pressing need to find ways and means on the one hand to 
achieve therapeutically effective high concentrations of cytokine in the 
plasma, and on the other hand to limit or reduce undesired side effects. 

Object of the invention 

The object of the present invention is to render cytokines available in a 
form that makes it possible to increase their residence time and concen- 
tration in blood plasma and tissue. An especially suitable solution to 
this problem is provided by conjugates consisting of a cytokine and human 
immunoglobulin, if desired linked by means of an organic bridge-former, 
that surprisingly have distinctly longer biological half-lives than free 
cytokines. Also described are a process for the preparation of the con- 
jugates, pharmaceutical preparations and their use in the treatment of 
viral infections and tumours. 

Description of the invention 

The invention relates to conjugates of cytokines with human immunoglobu- 
lin. 

A cytokine is a soluble protein or glycoprotein, as synthesised and if 
need be secreted, in response to a stimulation, by somatic cells, for 
example immunocompetent cells, in order to effect a metabolic change in 
adjacent cells, for -example in order to influence their growth proper- 
ties, and is also a related compound that differs from a natural cytokine 
as a result of the replacement, omission or addition of one or more amino 
acids and/or carbohydrate residues, or is a fragment of such a compound 
that retains the biological activity. For example, one, two, three or 
four amino acids of a natural peptide may be replaced by other amino 
acids or may be omitted completely, one, two, three or four additional 
amino acids may be present, for example at the amino end of the peptide, 
one or two carbohydrate residues of the natural glycoprotein may be re- 
placed by other carbohydrate residues or one, two, three or all carbo- 
hydrate residues may be missing. Furthermore, related compounds may be 
composed, for example, also of parts of two different cytokines. 
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,,.,-) 7 A S or 6, colony sumuld- 
activating factor ( HAF) , interleukin 1. 2. 3. 4. b or 
, ting f actor COSH, ^o., B-c«ll ,o. h factor (BCCF> xnter ^ 
i alpha ( IFNct) , interferon beta CIFXQ) or interferon gamma P ' 
! ciallv the corresponding human cytokines, also compounds that are related 
i or identical to the natural factors and are produced by recombinant gene 
S technologv in prokaryotes. in eukaryotes or mammalian cells, such as 

I recombinant MAF. M1F. interleukin, CSF, BCGF. lymphotoxin. US: tor 
» example IF*,, IF*:, IF*, etc. up to IFSa,., and IFNu/A. IFNo/B, 

: IFta/D. IFNtt/F or IFXa/B-D hybrids. IFNB or IFN7, and also fragments of 
' the natural or recombinant compounds that retain the biological actxvxty. 
I Hormones and antibodies (also called immunoglobulins, that are secreted 

I I by B-lymphocytes after stimulation by antigens and/or mitogens do not 
fall within the definition of cytokines. 

An immunoglobulin is a human immunoglobu. in (antibody, that belongs to 
the A D E. G or M class of immunoglobulins, preferably immunoglobulxn C 
or M. The variable region of the immunoglobulin has an arbitrary specx- 
, ficitv. Preferablv. the immunoglobulin in the conjugate of the invention 
9 is a mixture of antibodies of the same class of immunoglobulin but of as 
»anv different specificities as possible, such as can be obtained from 
the' blood of healthv humans. An immunoglobulin in the conjugate of the 
invention can. however, also be a polyclonal or monoclonal human antibody 
specific to an antigen that is foreign to the body. 

A conjugate is a hvbrid molecule in which one or more cytokines and one 
or more immunoglobulins are combined. It is a chemical complex in which 
the coupling is effected by a chemical bond, for instance an ionic or 
covalent bond, or optionally by a bridge-former, for example an organxc 
bridge-former, or an association of the molecules involved. The mentioned 
chemical complexes or associations are preferably stable under physio- 
logical conditions. 
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The invention relates preferably to conjugates of the formu 



Ck-Z-Ig CI) 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

The residue Ck is mono- or polyvalent, for example di- or tri-valent, 
depending on the number of hydrogen atoms and/or hydroxy groups that are 
replaced by bonds to bridge-formers Z or to immunoglobulin residues Ig. 

The residue Ig is mono- or poly-valent, for example di-, tri-, tetra-, 
penta- or hexa-valent , depending on the number of hydrogen atoms and/or 
hydroxy groups that are replaced by bonds to bridge-formers Z or to cyto- 
kine residues Ck. 

In conjugates of the formula I in which Z is a covalent bond, cytokines 
and immunoglobulins may be bonded by an amide bond between a terminal 
amino function or a side-chain amino function of the one peptide and a 
terminal carboxylic acid function or a side-chain carboxylic acid func- 
tion of the other peptide* or by a carbon-nitrogen bond between a ter- 
minal amino function or a side-chain amino function of the one peptide 
and a carbohydrate residue of the other glycoprotein. 

In such conjugates in which Z is a covalent bond* the residues of the 
cytokine and of the immunoglobulin are bonded preferably by an amide bond 
between the terminal carboxy function of the cytokine and an amino func- 
tion of the immunoglobulin, or by a carbon-nitrogen bond between an amino 
function of the cytokine and a carbohydrate residue of the immunoglobu- 
lin. 

An organic bridge-former 2 ia a polyvalent, for example di-, tri- or 
tetra-valent, hydrocarbon radical that is if desired substituted and/or 
in which one or more carbon atoms are if desired replaced by hetero 



atoms, and that is bonded covalently to the cytokine and to the immuno- 
globulin residue by an amide, ester, amine, thioether, thioester or di- 
sulfide single bond or by a ca rbon-ni t logen double bond. Such hydrocarbon 
radicals have up to 30, especially from 4 to 20, carbon atoms and are, 
for example, of aliphatic, eye loa 1 ipha t ic , aromatic, araliphatic or ali- 
phatic-cycloaliphatic nature. Substituents of such hydrocarbon radicals Z 
are, for example, one or more, for example two, if desired protected 
hydroxy groups, oxo groups, if desired protected amino groups, imino, 
nitro, lower alkoxy, lower alkylamino, di-lower alkylamino or lower alkyl 
groups, if desired protected hydroxy-lower alkyl groups, if desired pro- 
tected amino-lower alkyl groups, if desired protected mercapto-lower 
alkyl groups, methylthio-lower alkyl groups, if desired protected 
carboxy-lower alkyl groups, carbamoyl-lower alkyl, amidino-lower alkyl, 
aryl-lower alkyl, for example phenyl-lower alkyl or if desired protected 
hydroxyphenyl-lower alkyl groups, and heteroaryl-lower alkyl groups, for 
example if desired protected indolyl-lower alkyl or imidazoly 1-lower 
alkyl groups. In such hydrocarbon radicals Z hetero atoms that replace 
carbon atoms are, for example, oxygen, sulfur and/or nitrogen, the 
nitrogen atoms if desired being substituted by lower alkyl or being part 
of a cycloaliphatic ring. 

Divalent hydrocarbon radicals are, for example, lower alkylene, cyclo- 
alkylene, phenylene or combinations of these radicals, such as lower 
alkylene-cycloalkylene , lower alkylene-pheny lene , lower alkylene-cyclo- 
alkylene-lower alkylene, lower alkylenc-phenylene-lower alkylene or the 
like* Divalent hydrocarbon radicals in which hetero atoms replace carbon 
atoms are, for example, amino-lower alkylene* lower alkylene-amino-lower 
alkylene, hydrazino-pheny lene-araino , oxy-lower alkylene, lower alkylene- 
oxy-lower alkylene, thio-lower alkylene, lower alkylene-thio-lower alky- 
lene, lower alkylene-dlthio-lower alkylene and azacycloalkylene in which 
a nitrogen atom replaces a ring carbon atom, and combinations of Che 
mentioned radicals, such as, for example , from 2 to 10 repeated units of 
the same or different amino-lower alkylene radicals that if desired are 
bonded to hydrazlno-phenylene , amino-lower alkylene-dithio-lower alky- 
1 enf»-j*tni no . lowpr a 1 kvl pnA-p^orvr 1 op l U«1 o«» 
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lower alkylene-cycloalkylene-azacycloalkylene, lower alky lene-oxy- or 
amino- lower alky lene-azacyc loa Iky lene , azacyc loa 1 ky leno-pheny lcne-az a- 
cycloalky lene , lower alky lene-amino-pheny lene-amino- lowe r alkylene, lovr-r 
alkylene-oxy-lover alkylene-oxy-lover alkylene or the like. 

Trivalent hydrocarbon radicals are, for example, lower alky lene-methy 1- 
idene, phenylene-lower alkylidene and similar radicals and the corre- 
sponding radicals in which nitrogen atoms replace carbon atoms are. for 
example , amino-phenylene-hydraziny lidene . Tetravalent hydrocarbon 
radicals are, for example, lower alkanediylidene , cycloalkanediyl idene or 
similar radicals. 

The term "lower" used in lower alkyl, lower alkoxy, lower alkylene or the 
like indicates such groups having from 1 to 7, preferably from 1 to 4, 
carbon atoms. Lower alkyl preferably has up to A carbon atoms and is, for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec. -butyl or 
tert. -butyl. Lower alkoxy preferably has up to U carbon atoms and is, for 
example, methoxy, ethoxy, propoxy or butoxy. Lower alkylene preferably 
has up to 7 carbon atoms and is, for example, methylene, ethylene, 
1,3-propylene, 1,4-butylene or 1 , 6-hexylene. 

Cycloalkylene preferably has from 3 to 8 carbon atoms and is, for 
example, 1 , 2-cyclopentylene , 1 , 3-cyclopentylene , 1 , 4-cyclohexylene or 
1,5-cyclooctylene. Phenylene is. 1 ,2- , 1,3- or 1,4-phenylene. Azacyclo- 
alkylene is, for example, 1-aza-l , 2-cyclopentylene, 1-aza-l , 3-cyclo- 
pentylene or 1-aza-l , 3-cyclohexylene . 

Protecting groups are those customarily used in peptide and/or carbo- 
hydrate chemistry. 

A protected amino group is, for example, in the form of a readily cleav- 
able acylamino, arylmethylamino , 2-acyl-lower alkylenyl-1 -amino or cilyl- 
amino group or in the form of an azido group. Preferred amino-protecting 
groups are acyl radicals of carbonic acid semiesters, especially tert.- 
butoxycarbonyl, if desired substituted benzyloxycarbonyl , diphenyl- 
methoxycarbonyl, 2-halo-lower alkoxycarbonyl , trityl or formyl. 
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A hydroxy group is protected, for example, in the form of a readily 
cleavable acyloxy group, especially an oxyca rbony loxy group, such as 
tert . -butoxycarbonyloxy , benzylexyca rbony loxy or 2-h«ilo-lowcr alkoxy- 
carbonyloxy, or a readily cleavable ether group, especially a rylmet hoxy , 
such as trityloxy, 1-oxyalkoxy, such as 1 -e thoxye thoxy , or 2- t e t rahydro- 
pyranyloxy, and silyloxy, such as tert . -buty ldimethyl s i ly 1 oxy . 

A carboxy group is protected, for example, in the form of a readily 
cleavable ester group. Preferred carboxy-protec t ing groups are tert.- 
butoxy, if desired substituted benzyloxy, diphenylmethoxy , allyloxy and 
2-( t rime thylsilyDe thoxy . 

A mercaptp group is protected, for example, in the form of a readily 
cleavable thioester, monothioaceta 1 , thioether or disulfide group. 

A bridge-former Z is linked with the cytokine residue and the immunoglo- 
bulin residue, for example by an amide bond between the terminal amino 
function or a side-chain amino function of the cytokine or immunoglobulin 
and a carboxy function of Z, by an amide bond between a terminal carboxy 
function or a side-chain carboxy function of the cytokine or immunoglo- 
bulin and an amino function of Z f by a nitrogen-carbon single or double 
bond between a terminal or a side-chain amino function of the cytokine or 
immunoglobulin and a carbon atom of Z t by a carbon-nitrogen single or 
double bond between a carbohydrate residue of the immunoglobulin and an 
amine or hydrazine function of Z, by an ester bond between a hydroxy 
function of an amino acid or of a carbohydrate residue of the cytokine or 
immunoglobulin and a carbon atom of Z f by a thioether or thioester bond 
between a mercapto function of a cysteine residue of the cytokine or of 
the immunoglobulin and a carbon atom of Z or by a disulfide bridge 
between a mercapto function of a cysteine residue of the cytokine or 
immunoglobulin and a mercapto function of Z. 

A bridge-former Z is f for example, 1-oxo-lower alkylene or 1-oxo-lower 
alkylene-amino t such as carbonyl-propylene t carbonyl-propylene-amino t 



methylene. Preferably, such a ci*o"P 7 - is linked to the cytokine or 
immunoglobulin at the carbonyl ^roup nnc * at tlie amine radical by an amide 
bond and, if desired, is bonded at the lower alkylene end by a carbon- 
nitrogen single bond. 

Another bridge-former 2 is, for example, a divalent or trivalent radical 
consisting of from 1 to approximately 10, preferably from 1 to 3, 
carbony 1-methy lene-amino groups and, if desired, a carbony 1-methy lene , a 
phenylene-hydrazino or a pheny lene-hydraz iny lidene group. In such a 
carbonyl-methylene-amino group, if desired methylene is substituted by- 
lower alkyl, hydroxy-lower alkyl, amino-lower alkyl, me rcapto-lover 
alkyl, methylthio-lower alkyl, carboxy- lower alkyl, carbamoy 1 - lower 
alkyl, atnidino-lower alkyl, phenyl-lower alkyl, hydroxypheny 1-lover 
alkyl, indoly 1-lower alkyl or imidazolyl-lower alkyl, for example as in 
the residues of the naturally occurring amino acids glycine, alanine, 
valine, leucine, isoleucine, serine, threonine, lysine, cysteine, 
methionine, asparagine, glutamine, aspartlc acid, glutamic acid, 
arginine, phenylalanine, tyrosine, tryptophan and histidine. Methylene 
and amino in a carbonyl-methylene-amino group may also be bridged by 
lower alkylene, for example as in the residue of the naturally occurring 
amino acid proline. The carbonyl-methylene-amino groups are linked to one 
another and to the carbony 1-methy lene group by amide bonds. Preferably, 
such a bridge-former is linked with the cytokine or Immunoglobulin at the 
carbonyl end and at the amino end by an amide bond and, if applicable, at 
the methylene end or at the hydrazine end by a carbon-nitrogen single 
bond and at the hydrazinylldene end by a carbon-nitrogen double bond. 

Examples of such bridge-formers are the tripeptide residues glycine- 
alanine-arginine , isoleuc ine-alanine-tyros ine , the pentapeptide residues 
leucine-glycine-alaninc-alanine-arginine, glyc ine-g lycine-leuc ine- 
alanine-tyros ine , alanine-isoleuclne-alanlne-isoleucine-lysine and 
bridge-formers In which those peptide residues are bonded at the nitrogen 
end to carbony 1-me thylene , 6-phenylene-hydrazlno or 4-pheny lene-hydrazin- 
y lidene* 
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Another bridge- former Z is a divalent radical amino-lover alky lene- thio , 
preferably ami no-o t hy 1 ene- 1 h i o , oxo-Jower r* 1 ky 1 ene- 1 hi o , preferably 
carbony 1 -methylene- thio or ca rbony 1 -o thy 1 one- thi o , methylene-carbonyl- 
methy lene- thio or 1 - i.nino- 1 over alkyl< ne-th lo , preferably ca rbon imidoyl - 
propy lene- thio . In such n b r idge- f ormer the thio function is bonded to a 
cysteine residue of the cytokine or immunog lobu 1 in by a disulfide bridge. 

Another bridge-former Z is the divalent radical amino-lower alkylene-di- 
thio-lover alky lene-amino , preferably amino-ethy lene-di thio-ethylene- 
amino, or oxo-lower alky lene-di thio-oxo-lover alkylene, preferably 
carbony 1 -methyl ene-di thio-me thy lene-carbonyl , ca rbony 1-e thy lene-di thi o- 
ethyl ene-carbonyl or carbony 1 -propy 1 ene-di thio-propy lene-carbonyl , oxo- 
lover alkylene-di thio-imino-1 ower alkylene, for example carbonyl- 
methylene-, -ethylene- or -propy lene-di thio-propylene-carboniroidoyl % or 
iraino-lover alky lene-di th io-imino-lower alkylene, for example carbon- 
imidoyl -propy iene-di thio-pt opy lone-carbon imidoyl or carbonimidoyl- 
buty lene-dithio-buty lene-carbonimidoy 1 . In such bridge-formers the 
carbonyl function is linked to the cytokine or immunoglobulin preferably 
by an amide bond and the carbonimidoy 1 function preferably by a thio- 
imlnoester bond. 

Another bridge-former Z is, for example, a divalent radical that is 
formed on the one hand from oxo-lower alkylene, such as carbonyl- 
ethylene, from carbony 1-cycloa Iky lidene f such as carbonyl-1 , 4-cyclo- 
hexy lene , f rom methy lene-ca rbony 1 -me thy lene t methylene-carboxy-lower 
alkylene, such as methy lene-carboxy-me thy lene , from methy lene-carbox- 
amido-lower alkylene, such as methy lene-carboxamido-methylene f or from 
carbony 1-phenylene, preferably carbonyl- 1 ,3-pheny lene , and on the other 
hand from l-succinimidylene-3, 1 -succinimidy lene-3-thio-lover alkylene- 
amino, such as 1 -succinimidylene-3-thio-ethy lene-amino t from 1-succin- 
imldylene-3-thlo-oxo-lower alkylene in which lower alkylene is, for 
example • ethylene or, preferably, propylene, from l-succinimidylene-3- 
thio-me thy lene-carbonyl -me thy lene or from 1 -succinimidy lene- 3- thio- 
imino-lower alkylene in which lower alkylene is preferably butylene. The 
two groups of the bridge-former are linked with one another via the 
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bridge-former is bonded, for example, at carbon 3 to a mercapto group of 
a cysteine residue of the cytokine or immunoglobulin. Especially 
preferred are the bridge-formers carbonyl- 1 , 3-pheny lene- 1 -succin- 
imidylene-3-thio-ethylene-carbonyl and carbony 1-1 , 3-phenylene-l -succin- 
imidylene-3-thio-propylene-carbonimidoyl, which are linked to the cyto- 
kine and the immunoglobulin by amide bonds and a thioiminoes ter bond. 



Another bridge-former 2 is, for example, a divalent lower alkylene 
radical, a trivalent lower alkylene-methy lidene radical or a tetravalent 
lower alkanediylidene radical, it being possible for these radicals to be 
substituted by lower alkyl, for example 1 , 5-pentylene , 3-methyl-l , 5- 
pentylene, 3 , 3-diraethyl-l , 5-pentylene , 1 . 6-hexylene , 1 , 4-buty lene- 
methylidene, 1 , 5-pentdiylidene , 3-methyl-l , 5-pentdiy lidene f or 3,3-di- 
methyl-l,3-pentdiylidene, preferably 1 , 5-pentylene and 1 , 5-pentdiylidene . 
Such a bridge-former is preferably linked with the cytokine and the 
immunoglobulin by a carbon-nitrogen single bond or double bond. 

Another bridge-former Z is, for example, a divalent lower alkylene 
radical having 2 hydroxy groups, for example 2 f 3-dihydroxy-l , 4-butylene 
or, preferably, 2 , 4-dihydroxy-l , 5-pentylene , or lower alkylene-oxy-lower 
alkylene and lower alkylene-oxy-lower alkylene-oxy-lower alkylene having 
2 hydroxy groups, for example ( 2-hydroxy-l , 3-propylene )-oxy-( 2-hydroxy- 
1 , 3-propylene) or ( 2-hydroxy-l 3-propylene )-oxy-( 1 , 4-buty lene) -oxy-( 2- 
hydroxy-1 , 3-propylene) . Such a bridge-former is preferably linked to the 
cytokine and immunoglobulin by a carbon-nitrogen single bond. 

Another bridge-former Z is, for example, a divalent carbonyl-amino- 
phenylene-amino-carbonyl radical, which if desired is substituted by 
lower alkyl groups, for example carbonyl-amino-1 ,4-phenylene-amino- 
carbonyl or carbonyl-amino-1 -methyl-2 , 4- or -2 , 6- phenylene-amino- 
carbonyl, or the corresponding thiocarbonyl radicals. Such a bridge- 
former is linked to an amino group of the cytokine and of the immuno- 
globulin by an amide bond and is thus a urea or thiourea derivative. 



Compared with cytokines alone, the conjugates of the invention surpris- 
ingly have a substantially higher residence time half life in blood 
plasma and tissue. This observation can be made, for example, by inject- 
ing experimental animals, for example mice, rats or rabbits, intravenous- 
ly, subcutaneously or intramuscularly with cytokines only, with conju- 
gates according to the invention, and with mixtures of non-conjugated 
cytokines and immunoglobulin, taking blood and tissue samples at various 
intervals and ascertaining their content of cytokine or cytokine conju- 
gates. This test demonstrates that, compared with cytokines alone or 
cytokine-immunoglobulin mixtures, the residence time half life of the 
conjugates of the invention is higher by a factor of 5 or more. 

The conjugates of the invention can therefore be used in the same manner 
as the corresponding cytokines on their own for the treatment of viral 
infections and/or tumours. Compared with the cytokines themselves, how- 
ever, the conjugates of the invention have the advantage that they can be 
used in distinctly smaller amounts owing to their longer residence time 
in the organism and especially in the bloodstream and tissue. Further- 
more, it is to be expected that the conjugates of the invention, when 
applied directly to the site at which they are to act, will remain there 
longer and thus bring about fewer side effects, for example, in the 
central nervous system . 

The invention relates especially to conjugates of the formula I in which 

Ck is a residue of a natural or recombinant human interferon, of inter- 
leukin, of a related compound or of a fragment that retains the biologi- 
cal activity, for example interferon alpha, beta or gamma, interleukin 2 
or a recombinant protein or glycoprotein in which one, two, three or four 
amino acids of an interferon or interleukin have been replaced or 
omitted, in addition one, two, three or all of the carbohydrate residues 
of an interferon or interleukin are missing, parts of two different 
interferons or interleukina are combined with one another, or only the 
biologically active part of the interferon or interleukin is present. 
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Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin G or M from the blood of a healthy human. 



Z is a covalent bond or a covalently bonded di-, tri- or tetra-valent 
hydrocarbon radical which, if desired, is substituted and/or in which, if 
desired, one or more, for example two, three or four, carbon atoms have 
been replaced by oxygen, sulfur and/or unsubs ti tuted or substituted 
nitrogen atoms, for example lower alkylene, eye loalky lene , phenylene and 
combinations of the three mentioned radicals with one another and/or with 
oxy, thio and unsubs tituted or lower alky 1-subs ti tuted amino, also with 
azacycloalkylene, it being possible for the said radicals to be substitu- 
ted by hydroxy, oxo , amino, imino, lower alkoxy, lower alkylamino, di- 
lower alkylamino, lower alkyl, hydroxy-lower alkyl, amino-lower alkyl, 
mercapto-lower alkyl, methyl thio-lower alkyl, carboxy-lower alkyl, carba- 
moyl-lower alkyl, amidino-lower alkyl, phenyl-lower alkyl, hydroxyphenyl- 
lower alkyl, indolyl-lower alkyl or by imidazolyl-lower alkyl, also lower 
alkylene-methylidene , phenylene-lower alkylidene, amino-phenylene-hydra- 
zinylidene, lower alkanediy lidene or cycloalkanediylidene , . 

and in which Ck , Ig and/or 2 also may occur several times, for example 
twice or three times. 

The invention relates more especially to conjugates of the formula I in 
which . 

Ck is a residue of a natural or recombinant human interferon or of a 
related compound, for example natural Interferon alpha, natural inter- 
feron gamma, recombinant interferon alpha, for example IFNai, IFNotz, 
IFNa 3 to IFNai*, and IFNa/A, IFNa/B, IFNa/D, IFNa/F or IFNa/B-D hybrid in 
glycosylated or non-glycosylated form and with, if desired, replaced, 
missing, or one to four additional, amino acids, or recombinant inter- 
feron gamma, 

Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin C or M from the blood of. a healthy human, and 
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Z is a covalent bond or a covalontly bonded divalent hydrocarbon radical 
which, if desired, is substituted by oxo or imino and/or in which one or 
more, for example two, three or four, carbon atoms have been replaced by 
oxygen, sulfur and/or nitrogen atoms, for example unsubsti tuted or oxo- 
and/or imino-substituted lower alkylene and combinations of that radical 
with oxy, thio, amino, phenylene and/or azacyc loalky lene , for example 
1-oxo-lower alkylene. for example carbonyl-propylene , carbony 1-ethylene 
or carbonyl-methylene, 1-oxo-lower alkylene-amino , for example carbonyl- 
propylene-amino or carbonyl-ethylene-amino , atnino-lower alkylene-thio . 
for example amino-ethylene-thio , oxo-lower alkylene-thio, for example 
carbonyl-methylene-thio. carbonyl-ethylene-thio or methy lene-carbonyl- 
methylene-thio. 1-imino-lower alkylene-thio. for example carbonimidoyl- 
propylene-thio. amino-lower alkylene-di thio-lower alkylene-amino, for 
example amiho-ethylene-dithio-othyleno-amino, oxo-lower alkylene-dithio- 
oxo-lower alkylene, for example carbonyl-methylene-dithio-methylene- 
carbonyl. carbonyl-ethylene-dithio-ethylene-carbonyl or carbonyl-propy- 
lene-dithio-propylene-carbonyl , oxo-lower alkylene-dithio-imino-lower 
alkylene. for example carbonyl-ethylene-di thio-propylene-carbonimidoyl , 
imino- lower alkylene-dithio-imino-lower alkylene, for example carbon- 
imidoyl-propylene-dithio-propylene-carbonimidoyl, carbonyl-phenylene- 
succinimidylene, for example carbonyl-1 . 3-phenylene-l-succini«nidylene-3, 
carbonyl-phenylene-succinimidylene-thio-lower alkylene-amino, for example 
carbonyl-1 . 3-phenylene-l-succinimidylene-3-thio-ethylene-amino , carbonyl- 
phenylene-succinimidylene-thio-oxo-lower alkylene. for example carbonyl- 
1 .3-phenylene-l-succinimidylene-3-thio-ethylene-carbonyl, or carbonyl- 
phenylene-succinimidylene-thio-imino-lower alkylene, for example 
carbonyl-1 , 3-phenylene-l-succini»idylene-3-thio-propylene-carbonimidoyl . 

The invention relates more especially to conjugates of the formula I in 
which Ck is a residue of a natural or recombinant human interferon alpha, 
for example IFNa^ or IFNcr/B-D hybrid. Ig i. a residue of a natural human 
immunoglobulin G, for example as can be obtained from the blood of a 
healthy human, and Z is a covalently bonded oxo- and/or imino-substituted 
lower alkylene-di thio-lower alkylene radical, for example carbonyl- 
ethylene-di thio-ethylene-carbonvl . carbonvJ-»fh«l»n»-JJ -v.. . 



Most especially the invention relates to the conjugates mentioned in the 
Examples . 

The invention relates also to a process for the preparation of cytokines 
with human immunoglobulin which comprises reacting a cytokine with human 
immunoglobulin and, if desired, a bridge-former- The conjugation is 
effected according to methods that are known per se. 

The invention relates preferably to a process for the preparation of 
conjugates of the formula 

Ck-Z-lg (I). 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed, and isolating the conjugate. 

The present invention relates especially to the said process which com- 
prises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, substituting a reactive substi tutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 



d) for the preparation of a conjugate of formula I in which the sub-unit:; 
are linked by a carbon-sulfur bond, adding a aub-unic containing a mor- 
capto group to the complementary sub-unit containing a carbon-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazino group, and, if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazino group. 

Pairs of sub-units that can be linked together according to process a) by 
an amide bond are, for example, a cytokine and an Immunoglobulin that 
each contain a free carboxy group or a free amino group, a cytokine and 
an immunoglobulin substituted by one or more bridge-formers containing a 
free carboxy and/or amino group, a cytokine substituted by one or more 
bridge— formers containing a free carboxy and/or amino group and an 
immunoglobulin, or a cytokine and an immunoglobulin that each carry a 
bridge-former moiety containing a free carboxy group and a free amino ' 
group, respectively, and these two moieties together, form a bridge-former 
Z. Such pairs of sub-units or mixtures of three sub-units consisting of 
cytokine, immunoglobulin and a bridge-former containing a free carboxy 
and a free amino function are treated with a condensing agent. Suitable 
condensing agents are those that are conventionally used in peptide 
chemistry, for example carbodi imides , for example N ,N' -dicyc lohexyl- 
carbodlimide, preferably water-soluble carbodiimides such as N-ethyl- 
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ethyl )-i socyanidc , if desired in the presence of a tertiary amine, for 
example triothylnminc, N-me thy Imor pho 1 i ne or 4-d ime thy lami nopyr id i ne , and 
of an activated ester-forming hydroxy compound, for example N-hydroxy- 
succinimide, N-hydroxy- 5-no rborncne-2 , 3-dicarboxylic acid imide or 
1 -hydroxybenzot r iazo le . Other suitable condensing agents are. for 
example, 2-e thoxy- 1 -othoxyca rbony 1- 1 , 2-dihydroquino 1 i ne or activated 
phosphates, such as d ipheny lphosphoroaz ida to or diethy lphosphorocyani- 
date, if desired in the presence of a tertiary amine. The condensation is 
carried out in an aqueous solvent that may contain an organic or inor- 

jnic buffer and/or a rolsclble organic diluent, for example a lower 
alkanol, for example tcrt.-butanol, a lower alkanediol, for example 
glycol, dimethylf ormamide , acetonitrile or the like, at temperatures of 
from approximately -20°C to approximately +50°C, preferably from 5°C to 
room temperature. 

Reactive functional derivatives of sub-units in process a) can be formed 
in situ and are, for example, reactive carboxylic acid derivatives, for 
example activated carboxylic acid esters, reactive mixed anhydrides, 
reactive cyclic amides, isocyanates or i sothiocyanates • 

Activated esters of carboxylic acids are, for example, of the vinyl ester 
type, for example actual vinyl esters, carbamoyl vinyl esters or 1-lower 
alkylvinyl esters, esters of the amidine type, for example N.IC'-disub- 
stituted amidino esters that can be obtained by treating the correspond- 
ing acid with a suitable N.N'-disubstituted carbodiimide , for example 
with N.N'-dicyclohexylcarbodiimide, or also N ,N-di substituted amidino 
esters, suitable aryl esters, especially phenyl esters substituted by 
electron-attracting substituents , for example 4-nit rophenyl , 2,4,5-tri- 
chlorophenyl, pentachlorophenyl or 4-phenyldiazophenyl ester, cyanoroethyl 
esters, thioesters, especially nitrophenyl thioester, or preferably amino 
or amido esters that have been obtained, for example, by treating the 
corresponding acid with an N-hydroxyamino or N-hydroxyamido compound, for 
example with N-hydroxysuccinimide , N-hydroxypiperidine . N-hydroxyphthal- 
imide, N-hydroxy-5-norbornene-2, 3-dicarboxylic acid imide or 1-hydroxy- 
benzotriazole. 
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Reactive mixed anhydrides of acids arc, for example, anhydrides with 
inorganic acids, for example acid halidos, especially acid chlorides 
anhydrides with carbonic acid lower alkyl semiesters, anhydrides with 
dihalogena ted , especially dichlorinated , phosphoric acids or phosphoric 
acid derivatives, anhydrides with strong carboxylic acids, for example 
trif luoroacetic acid, or anhydrides with organic sulfonic acids, for 
example lower alkanesul f onic acids or arylsulfonic acids, such as 
methane- or p-toluene-su 1 f onic acid. 

Suitable cyclic amides are especially those with f i ve-membered aromatic 
diazaheterocycles , for example amides with imidazole or pyrazole, for 
example with 3 , 5-dime thy 1 py razo le . 

Reactive carboxylic acid derivatives are reacted with a reactant contain- 
ing a free amino group under the same reaction conditions as those 
described above for non-activated sub-units except that the condensing 
agent can be omitted. Preferably, an acid-binding compound is added, for 
example an alkali metal carbonate or hydrogen carbonate, for example 
sodium or potassium carbonate or hydrogen carbonate, customarily together 
with the corresponding sulfate, or an organic base, for example a ster- 
ically hindered tri-lower alkylamine, for example ethyldi isopropylamine . 

Preferably, the reactive carboxylic acids are derivatives of the bridge- 
former, for example dicarboxylic acid dichlorfdes, activated dicarboxylic 
acid dieaters, diisocyanates , for example phenylene-1 , A-di i socyanate or 
l-methyl-phenylene-2 ,4-diisocyanate, or d i i sot hiocyana tes . 

The starting materials for process a) are known or can be prepared 
according to known processes, for example by a process as described 
hereinbefore or hereinafter. 

Pairs of sub-units that can produce a disulfide bond in accordance with 
process b) or c) are, for example, a cytokine and an immunoglobulin that 
both contain a bridge-former moiety containing a mercapto function and In 
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which the bridge- forme r moieties together form the radical Z. In process 
c) the mercapto group of one of the two sub-units is in the* form of a 
reactive subs t i t u tab 1 e functional derivative. 

Suitable oxidizing agents for process b) of the? present invention are 
especially mild oxidizing agents, for example iodine, 1 t 2-d i i odoe thy lene , 
o-iodobenzoic acid, 1 , 1 O-phenanth rol i ne and copper sulfate, potassium 
hexacyanof errate( III ) or, preferably, oxygen or air. The reaction is 
carried out in water or aqueous buffer solution at a pi! of from approxi- 
mately 3 to approximately 9 f preferably close to the neutral point, and 
at temperatures of from approximately -5°C to approximately room tempera- 
ture. The aqueous reaction medium contains, if desired, a miscible 
organic solvent, for example a lower alcohol, for example tert . -butanol , 
dimethylformamide, acetonitrile or the like, and/or an alkali metal 
iodide, fo example sodium or potassium iodide. 

A reactive subs t i tutable functional derivative of the mercapto group of a 
sub-unit in process c) can be formed in situ and is, for example, a 
sulfenyl halide, sulfenamide, sul f enylsul f one , thiosulfate or, prefer- 
ably, a mixed disulfide. 



A sulfenyl halide is, for example, a sulfenyl chloride or a sulfenyl 
jromide. A sulfenamide is derived, for example, from a cyclic amine, a 
dicarboxylic acid imide or a heterpcycle and is, for example, N'-sulfenyl- 
piperidine, N-sulf enylsuccinimide , N-sulf enylphthalimide , N-su If enyl-5- 
norbornene-2,3-dicarboxylic acid imide, 1-sulf enylbenzotriazole or 

1 - sulfenyl imidazole. 

A mixed disulfide is, for example, a disulfide with an aromatic thiol, 
for example with thiophenol substituted by halogen, nitro, cyano or 
carboxy, for example with o-chlorothiophenol , 2 , 4-dichlorothiophenol or 
£-nitrothiophenol, or a disulfide with a heteroaromatic thiol, for 
example with pyridinethiol t preferably with 2-pyridinethiol , with 
aercaptopyridinecarboxylic acid, quinolinethiol . 2-inercaptobenzimidazole , 

2- mercaptobenzothiazole or with 2-mercaptobenzoxazole . 



A sulf enylsulf one is, tor example, n lower alkyl thiosu lfonate , for 
example a methanol h iosu 1 fona to , or a henzeneth losul f ona to , which, if 
desired, is substituted by methyl, nitro or halogen, for example 
p- toluene thiosu 1 f onate . 

In a thiosulfate the organic radical containing the dorivatised morcapto 
function is bonded to the sulfur. Preferably, the thiosulfate is in 
anionic form, for example an alkali metal thiosulfate, for example sodium 
or potassium thiosulfate. 

There is especially preferred as the reactive subst i tu tabl e functional 
derivative of the mercapto group in process c) a mixed disulfide, 
especially a disulfide with 2-py r id ine thio 1 . 

The reactive functional derivatives of the mercapto group are prepared 
according to known customary methods from compounds having a free 
mercapto function or a mercapto function derivatised in some other 
manner. 

In process c) the reactant containing a free mercapto group and the 
reactant containing a reactive subst i tutable functional derivative of the 
mercapto group are reacted in water or, preferably, in an aqueous buffer, 
at a pH of from approximately 3 to approximately 9, preferably close to 
the neutral point, that is to say at a pH of from 6 to 8, at temperatures 
of from approximately -20*C to approximately +50°C, preferably from -5°C 
to room temperature. If desired, the aqueous reaction medium contains a 
miscible organic solvent, for example a lower alkanol, for example tert.- 
butanol, dimethylf ormamide f acetonitrile or the like. 

The starting materials for processes b) and c) are known or can be 
prepared by processes that are known per ae , for example by a process as 
described hereinbefore or hereinafter. A substituted cytokine and a sub- 
stituted immunoglobulin in which the substituents carry a mercapto group 
sre prepared, for example, from the cytokine and from the immunoglobulin, 
respectively, by reaction with a compound containing a protected mercpnm 



ester as described hereinbefore under process a). The protecting group of 
the mercapto function is then removed by processes that are known 
per se . For example, a disulfide, as described hereinbefore as a reactive 
subs t i tutable functional derivative of the mercapto group, can be used 
as a protecting group during a process analogous to process a), and 
afterwards cleaved under raild reducing conditions, for example with a 
thiol, for example 2-mercapt oe thanol , 3-raercapto- 1 , 2-propaned iol , thio- 
glycolic acid, thioglycolic acid methyl ester or 3-mercaptopropionic 
acid, or preferably with a dlthiol, for example di thiothrei tol or dithio- 
erythritol, in an aqueous buffer solution at a pH of from approximately 
3 to approximately 6, preferably from 4 to 5, at temperatures of from 
approximately -5°C to approximately room temperature. 

A substituted cytokine and a substituted immunoglobulin in which the 
substituents carry a mercapto function can be prepared, for example, also 
from a cytokine and from an immunoglobulin, respectively, by reaction 
with an imino thiolac tone , for example 2-irainothiolane , in an aqueous 
buffer solution at a pH of from approximately 5 to approximately 9, 
preferably close to the neutral point, that is about pH 8, at tempera- 
tures of from approximately -5°C to approximately room temperature. 

Especially preferred is a process in which a cytokine or an immunoglobu- 
lin is condensed with N-succinimidyl-3-( 2-pyridyldithio)-propionate in 
accordance with process a), at the same time the appropriate complemen- 
tary immunoglobulin or cytokine is reacted with 2-iminothiolane in the 
manner described above, and the two sub-units are linked to form a dithio 
bond according to process c). Preferably the reaction steps are carried 
out without intermediates being isolated. 

Pairs of sub-units that together can form a carbon-sulfur bond according 
to process d) are, for example, cytokines and immunoglobulins substituted 
by bridge-former moieties, in which one bridge-former moiety carries a 
carbon-carbon double bond, a carbon-halogen bond or an epoxide function 
and the other bridge-former moiety carries a mercapto group, and the two 
bridge-former moieties together form the radical Z. 
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The carbon-carbon double bond in process d) is preferably substituted at 
one or both ends by an electron-attracting group, for example by a 
carbonyl group of a ketone, of an ester or of an amide, for example as in 
vinyl ketones, acrylic esters, acrylamides , substituted 2-hutene-l t ^»- 
diones, for example quinones, fumaric esters, fumaric amides, xnaleic 
esters or, preferably, maleimides. 

The halogen atom of a carbon-halogen bond in process d) is, for example, 
chlorine, bromine or iodine. The carbon-halogen bond is preferably 
activated by a carbon-carbon or a carbon-oxygen double bond, for example 
as in allyl halides, halomethyl ketones, for example chloromethyl 
ketones, haloacetic acids and haloaceti: acid derivatives, for example 
iodo-, bromo- or chloro-acet a tes and -acetamides, a-chloro-lower alkane- 
carboxylates and the like. 

The epoxide function in process d) is preferably a primary epoxide func- 
tion, that is to say a monosubst i t uted oxirane, and can be obtained, for 
example, in situ from a halohydrin by treatment with a base. 

In process d) , the reactants are reacted in an aqueous solvent that, if 
desired, contains an organic or inorganic buffer and/or a miscible 
organic solvent, for example a lower alkanol, a lower alkanediol, di- 
me thy If ormamide , acetonitrile or the like, preferably in the presence of 
an acid-binding agent, for example an alkali metal carbonate or hydrogen 
carbonate, for example sodium or potassium carbonate or hydrogen carbo- 
nate, or an alkaline earth metal carbonate, for example magnesium carbo- 
nate or calcium carbonate, or an organic base, for example a sterically 
hindered tri-lower alkylamine, for example ethyldiisopropylamine , at 
temperatures of from approximately -20°C to approximately +50°C, prefer- 
ably from -5°C to room. temperature. 

The starting materials for process d) are known or can be prepared 
according to processes that are known per se, for example according to 
one of the processes described hereinbefore or hereinafter. In particu- 



lar, substituted cytokines or substituted i mmunoc lobu 1 i ns containing 
mercapto group:; arc prepared in the manner described tor the starting 
materials for processes b) and c). 

Pairs of sub-units that together can form a carbon-nitrogen single or 
double bond according to process e) are, for example, a cytokine contain- 
ing a free amino group, or substituted by one or more b ridge- fo rme rs 
containing a free amino or hydrazine function, and a reactive derivative 
of an immunoglobulin containing an aldehyde function, a reactive deriva- 
tive of a cytokine containing an aldehyde function and an immunoglobulin 
containing a free amino group or containing a bridge-former having a free 
amino or hydrazine function, or a substituted cytokine and a substituted 
immunoglobulin in which one substituent contains an aldehyde function and 
the other, complementary substituent, contains an amino or hydrazino 
function, and the two substituents are together a bridge-former 2. 

A conjugate of the formula I is also formed in process e) from a mixture 
containing a cytokine, an immunoglobulin and a reactive derivative of the 
bridge-former containing two aldehyde functions, for example a lover 
alkane dialdehyde, for example g lutaraldehyde . 

The condensation according to process e) is carried out in an aqueous 
solvent which, if desired, contains an organic or inorganic buffer and/or 
a miscible organic solvent, for example a lower alkanol, for example 
tert . -butanol , a lower alkanediol , for example glycol , diethylene glycol, 
polyethylene glycol, dimethyl fo rraamide , acetonitrile or the like, at 
temperatures of from approximately -20°C to approximately +50°C, prefer- 
ably from -5°C to room temperature. 

The conjugates obtainable in this manner containing carbon— nitrogen 
double bonds, that is to say iminea or hydrazones, are. If desired, 
treated vlth a selective reducing agent that reduces the carbon-nitrogen 
double bond to the more stable carbon-nitrogen single bond, without 
affecting the amide bonds of the proteins. Such reducing agents are, for 
example, borohydrides , ftr example alkali metal borohydrides , for example 
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desired, otiis or two hydridon have been replaced by lover alkoxy groups, 
for example as in sodium d imet hoxyborohyd r ide or sodium tor t . -butoxybo ro- 
hydrido. or pre f'v cab ly in which one hydride has been replaced by a cyHno 
p.roup, a.-; in sodium cyanoborohydride. 

The reduction is carried out in an aqu.-ous buffer r.olution at a pil of 
from approximately 3 to approximately 9, preferably cf from 3 to 6 for 
reductions with sodium cyanoborohydride, and clone to the neutral point, 
that is to say at a pH of from 6 to 8 , for reductions with metal boro- 
hydrides that are unsubs t i t uted or substituted by lower alkoxy groups, at 
temperatures of from approximately -20"C to approximately +30 <- C, prefer- 
ably from -5"C to room temperature. If desired, thf» aqueous solvent 
contains a miscible organic diluent, for example a lower alkanol, for 
example methanol, ethanol, isopropanol or tort . -butanol , or diethylone 
Glycol, triethylene glycol, acutonit r i 1*» or the like. 

The starting materials for process e) are known or can be prepared 
according to processes that are known per se , for example by a process 
desc-.i ?d hereinbefore or hereinafter. Reactive derivatives of a cytokine 
or immunoglobulin containing an aldehyde function can be prepared in 
accordance with a process as described in European Patent Applica- 
tion 88 695. In thia process the carbohydrate residues of the said com- 
pounds are converted into aldehyde derivatives by partial oxidation. That 
Patent Application also describes the formation of compounds having a 
hydrazine function, for example by the reaction of an amine with 
p-f luorophenylhydrazine . 

Pairs of reactants that can form a carbon-nitrogen single bond in accor- 
dance with process f) are, for example, a cytokine containing a free 
amino group and an immunoglobulin substituted by one or more bridge- 
formers containing a carbon-halogen bond or an epoxide function, a cyto- 
kine substituted by one or more bridge-formers containing a carbon- 
halogen bond or an epoxide function and an immunoglobulin containing a 
free amino group, or substituted cytokines and substituted immunoglobu- 
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tion and in pairs the substituents together form a bridge-former 2. A 
conjugate of formula I is also formed in process f; from a mixture con- 
taining a cytokine, an immunoglobulin and a reactive derivative of a 
bridge- former containing two carbon-halogen bonds or two epoxide func- 
tions . 



The nature of the carbon-halogen bond and of the epoxide function is 
preferably as described above under process d). Reactive derivatives of a 
bridge-former containing two carbon-halogen bonds are, for example, bis- 
halomethyl ketones, for example 1 , 3-dichloro- or 1 , 3-dibromo-acetone , 
bis-haloacetic acid derivatives, for example 1 , 4-butanediyl-bis-iodo- or 
-bromo-acetate and similar compounds. Reactive derivatives of a bridge- 
former containing two epoxide functions are, for example, butadiene-bis- 
epoxide, 1 , 4-pentadiene-bis-epoxide or bis-glycidyl ether. 

The reaction conditions for process f) are the same as the reaction con- 
ditions described hereinbefore under process d). 

The starting materials for process f) are known or can be prepared 
according to processes that are known per se , for example by a process as 
described hereinbefore. 

The intermediates and end products of the processes of the Invention are, 
if desired, purified, for example by dialysis against water or buffer 
solutions, by chromatographic methods, preferably gel chromatography, 
high pressure liquid chromatography, affinity chromatography or ion ex- 
change chromatography, by ultrafiltration or by ultracentrifugation. 

The invention relates also to those forms of the process in which a com- 
pound obtainable as intermediate at any stage is used as starting 
material and the remaining steps are carried out, or the process is dis- 
continued at any stage, or 'a compound obtainable in accordance with the 
process of the invention is produced under the process conditions and 
further processed in situ . 



The invention relates also to novel intermediates and processes for the 
preparation thereof. The starting material* and the reaction conditions 
are preferably so selected that those compounds referred to in the des- 
cription as being preferred are obtained. 

The conjugates of the invention can be used for the treatment of viral 
infections and tumours in the form of pharmaceutical preparations that 
contain an effective amount of the conjugate together with a significant 
amount of an inorganic or organic, solid or liquid, pharmaceut ically 
acceptable carrier. 

Pharmaceutical preparations for parenteral, for example 1 icramuscular , 
subcutaneous or intravenous, administration to humans are preferred. Such 
preparations are isotonic aqueous solutions or suspensions containing the 
active conjugates together with a carrier and, if desired, adjuncts, for 
example stabilisers, emulsifiers, solubilisers , salts for regulating the 
pH and the osmotic pressure, preservatives and/or wetting agents. The 
pharmaceutical preparations can be prepared according to methods that are 
known per se , for example in a process in which the active conjugates and 
the pharmaceutical^ acceptable carriers and adjuncts are mixed, if 
desired lyophilised, and dissolved before use. 

The dosage of the pharmaceutical preparations containing the active con- 
jugates depends on the disorder to be treated, the body weight, age and 
individual condition of the patient as assessed by the doctor in atten- 
dance, and on the method of administration. Compared with the dosage of 
the corresponding free cytokine, amounts that are from two to approxi- 
mately one hundred times smaller are used producing the same biological 
activity. For example, a conjugate containing interferon alpha is admin- 
istered in from one to three daily dosage units of from 10 H to 10* IU 
(International Units of Interferon activity), preferably from 10* to 
10 s IU. The conjugate can also be administered in higher doses, for 
example in such an amount that the same biological activity is achieved 
as is customary with free cvtokine. As a result, the de^rpH rhoronmiH r 



The following Examples serve to illustrate the invention but do not lim 
the scope thereof in any way. 

The abbreviations used in the Examples have the following meanings: 

IFN interferon 

Ig immunoglobulin 

IgG immunoglobulin G 

IU International Units of IF\ activity 

PBS phosphate-buffered physiological saline 

rIFN recombinant interferon 

Example 1: [ rlFXa^ ] [ ( OXH )CH;CH = CH 5 SSCH 2 CH ? ( C=0) ] [ IgG] 

1 rag of polyclonal human antibody IgG ( lyophilisate , Intraglobin F R , 

Biotest) is dissolved in an Eppendorf tube in 500 pi of PBS, pH 7.2. 

12 pi of 1.6 mM 3-(2-pyridyldithio)-propionic acid N-hydroxysuccinimide 

ester and 12 pi of ethanol are added dropwise to the IgG solution shaken 

in a Khirlmix and the mixture is incubated at room temperature for 

30 minutes. Subsequently the mixture is dialysed overnight against PBS 

(buffer changed 3 times) at Wc. 

10 pg of recombinant human interferon u 2b are dissolved in an Eppendorf 
tube in 500 pi of PBS, pH 7.2. 2-iminothiolane is dissolved at 0°C in 1M 
triethanolamine hydrochloride, pH 8.0. 5 pi of this iminothiolane solu- 
tion are added to the IFN solution and the mixture is incubated at room 
temperature for 90 minutes. The reaction mixture is dialysed against PBS 
at A°C four times, for 1 hour in each case. The IFN solution is mixed 
with the above IgG solution, shaken at room temperature for 2 hours and 
maintained at A°C overnight. 

The conjugate is separated from free IFN by ultrafiltration at 4°C using 
a filter (average exclusion limit 50 000 Daltons). The two fractions are 
tested for IFN activity in the CPE inhibition assay (Cytopathic Effect, 
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IFNCC 2b and Intra el°bin F (human IgG) are injected. 

Example 4; General specification for the preparation of 

( cytokine ) [ ( OO^HgCHgSSCHaCHa ( 00) ] ( Ig ] 
In each case 2.5 mg of cytokine and immunoglobulin are dissolved in 
0.5 ml of PBS pH 7.2 and each solution is incubated for 30 minutes at 
25°C with 100 pi of a freshly prepared 3-( 2-pyridyldithio)-propionic acid 
N-hydroxysuccinimide ester solution (4 mM) . A PD-10 gel filtration column 
is equilibrated with 20 ml of a dithiothreitol solution. The Ig solution 
is then applied to the column and eluted with 6 ml of acetate buffer of 
pH 4.5. 500 pi fractions are collected and the extinction is measured at 
280 nm. Protein-containing fractions are combined, applied to a new PD-10 
gel filtration column equilibrated with PBS and eluted with phosphate 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Conjugates of cytokines with human immunoglobulin. 

2. Conjugates according La claim 1 of lIjm formula 

Ck-Z-lg (I) 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon, of interleukin, of 
a related compound or of a fragment that retains the biological activity, 
Ig is a residue of a natural human immunoglobulin, Z is a covalent bond 
or a covalently bonded di-, tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and in which Ck, Ig and/or Z also 
may occur several times. 

A. Conjugates according to claim 2 or 3 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon or of a related 
compound, Ig is a residue of a natural human immunoglobulin, and Z is a 
covalent bond or a covalently bonded divalent hydrocarbon radical which, 
if desired, is substituted by oxo or iraino, and/or in which one or more 
carbon atoms have been replaced by oxygen, sulfur and/or nitrogen atoms. 

5. Conjugates according to any one of claims 2 to A of the formula I in 

whJch Ck 1fi P rpQ Mho of p noh»rr>1 r>r- r a #» n ^ 4 « o~ Ki^on 4 „<-„~Crs-~- ~1_U~ 



is a covalent bond, unsubsL i t utecj or oxo- or imino-subst ituted lower 
alkylene, or combinations of that radical with oxy, thio, amino, 
phenylene and/or azacyc Loa Iky lene . 



6. Conjugates according to any one of claims 2 to 5 of the formula I in 
which Ck is a residue of a natural or recombinant human interferon alpha, 
Ig is a residue of a natural human immunoglobulin G, and Z is a covalent- 
ly bonded oxo- and/or imino-subst i tuted lower alkylene-di thio-lower 
alkylene radical. 

7. Conjugates according to any one of claims 2 to 6 of the formula I in 
which Ck is a residue of recombinant IFNa. >b . Ig is a residue of a natural 
human immunoglobulin G, and Z is carbonimidoy 1-propy lene-di thio-ethylene- 
carbonyl. 

8. A process for the preparation of conjugates of cytokines with human 
immunoglobulin according to claim 1, which comprises reacting a cytokine 
with human immunoglobulin and, if desired, a bridge-former. 

9. A process according to claim 8 for the preparation of conjugates of 
he formula 

Ck-Z-Ig (I), 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having . covalent bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 



j »>> lot the prcp.ua i. ion of a couj u K a t „ ol formula 1 in whic h the sub-units 

! are linked l.y a disulfide bond, treating two compl omenta: y sub-unit:; that 
both contain a mercapto group with a mild o>:idi/.in,. r«a R .:ni. or 

j c) for the preparation ol a conjugate ol formula 1 jn which the sub-units 

j are linked by a disulfide bond, subst i tut in,, a reactive subst i tur.abie 

i function al derivative of the mercapto ,..roup of one sub-unit with the 

\\ complementary sub-unit containing a mercapto p.roup, or 



fff A) f ° r the P re Paration of a conjugate of formula 1 in which the sub-units 
|J are linked by a carbon-sulfur bond, adding a sub-unit containing a 
■ j mercapto group to the complementary sub-unit containing a carbon-carbon 
•j. double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
j are linked by a carbon-nitrogen single or double bond, condensing an 
I aldehyde group of one sub-unit with the complementary sub-unit containing 
j an amin ° br hvdrazino group, and, if desired, reducing the resulting 
j carbon-nitrogen double bond to a carbon-nitrogen single bond with a = 

| ~«;ducing agent, or 

i 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazino group. 

11. Pharmaceutical preparations containing conjugates of cytokines with 
j human immunoglobulin. 

12. A process for the manufacture of pharmaceutical preparations 
according to claim 11, which comprises mixing conjugates of cytokines 
with human immunoglobulin with a suitable pharmaceutical carrier. 



13. A method of t rea L i ni» v i i a J inli-cL ion:; and tumours in an animal 
including man, which comprise:; adui i n i s I e r i t\\\ an effective amount of 
conjugates of cytokine:; with human immunoglobulin according Lo claim 1. 

14. Conjugate:; ol cytokines with human immunoglobulin, substantially as 
hereinbefore described and exi-mpl i f i ed • 

15. A process lor the preparation ol conjugates of cytokines with human 
immunoglobulin according to claim 1. substantially as hereinbefore 
described and exemplified. 

16. Pharmaceutical preparations containing conjugates of cytokines with 
human immunoglobulin, substantially as hereinbefore described and 
exemplified. 

17. A process for the manufacture of pharmaceutical preparations 
according to claim 11, substantially as hereinbefore described and 
exemplified. 

18. A method of treating viral infections and tumours in an animal 
including man, substantially as hereinbefore described and exemplified. 
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